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Modelling the growth of Single Walled Carbon Nanotubes
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Since 25 years, significant progress has been achieved in the controlled synthesis of Single Walled Carbon
Nanotubes (SWNTSs), but we are still facing difficult issues concerning the yield and selectivity of their
synthesis by Chemical Vapor Deposition. In such a complex problem, real understanding only results from
coupling different experimental techniques, from chemical engineering approaches to atomic scale
investigations by e.g. Transmission Electron Microscopy, with modelling and computer simulations.

In this context, we developed an original atomistic metal-carbon interaction model, based on a tight binding
approximation, coupled with Monte Carlo simulations in canonical and Grand Canonical ensembles(l. In
close collaboration with experimental groups, supported by different projects among which the Japan / EU
project IRENA, we analyzed different aspects of SWNT growth and present some of them here.

We first focus on a simple catalyst (Ni) and investigate tube nucleation[? and the state of the catalyst in
presence of carbont3l. Sustainable tube synthesis requires a dewetting of the catalyst nanoparticle, along with
the growth of the carbon walls, to avoid its encapsulation and deactivation. We show that the properties of
the Ni/sp? carbon interfaces are driven by the carbon fraction dissolved in the NP that depends on the CVD
process parameters, in particular on the choice of the carbon bearing precursor. These different carbon
feeding regimes give rise to different growth modesl, corresponding to different structures of the
NP/nanotube contact areas. For carbon saturated nanoparticles!”, the interface is reduced to a line contact,
in which case a near armchair selectivity is sometimes reported, while lower dissolved carbon fractions lead
to a lateral surface contact between the tube and the catalyst NP8l. Both situations will be discussed in
terms of yield and selectivity, in close connection with experimental results.
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